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Abstract 
An RF power harvester with an onboard microcontroller operating at 430MHz is presented. A PIFA type antenna has 
been adopted in the design to reduce ground and metal structure proximity problems that occur in a variety of 
applications. An energy accumulation strategy that allows system operation in two cycles; a standby mode cycle and 
a fully active one has been implemented. Vector Network Analyzer measurements as well as indoor measurements 
have been performed to demonstrate that harvester performance near metal structures is not degraded in contrast to 
systems equipped with dipole antennas. 
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1. Introduction 
A variety of real time monitoring applications such as structural health monitoring in large structures 
often require the deployment of sensor networks with a large number of sensing nodes [1]. Wireless 
sensor networks are well suited for the aforementioned applications since massive cable interconnections 
are avoided and thus complexity is reduced. Such networks often require the deployment of batteryless 
nodes, which must be installed in inaccessible places or integrated in the monitored structure during 
construction.  Batteryless nodes harvest energy from the environment, for example mechanical energy and 
RF power [2]. 
RF power harvesting systems are of particular interest in autonomous sensor design because they have 
the advantage that the power required is provided by controlled and stable power sources. RF sensor tags 
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are based on the technology of RF Identification systems that are widely used in product chain 
applications [3].  
RF powered monitoring systems incorporate an RF base station, called the “reader”, which emits RF 
power and several transponders or “tags”. Tags that utilize a chip usually comprise a high frequency front 
end that includes an antenna and an RF to DC rectifying circuit, in order to power the sensor circuit as 
well as a supervising circuitry that is responsible for tag operations [4]. Although IC design is usually 
adopted in the literature, as for example in [5], discrete component design with onboard microcontrollers 
offers the advantage of higher computational capabilities [6]. 
The majority of designs presented in the literature incorporate dipole antennas [7], [8]. Such antennas 
are broadband and can be easily implemented, but have several disadvantages; the dipole length must 
correspond to half-wavelength which results to quite long antennas that cannot be placed near the tag PCB 
in a compact way. Furthermore, tags that are equipped with dipole antennas are not able to operate 
efficiently when mounted in close proximity to metal surfaces as required in a variety of applications.  
In this paper a power harvester with embedded antenna operating at the 430 MHz band is presented. 
Discrete component design with an onboard microcontroller has been adopted in order to provide a 
flexible passive sensor platform. Furthermore, the system comprises a low-profile optimized multi-slotted 
PIFA type antenna integrated within the system’s volume, which enables operation near metal and ground 
surfaces, and results in a slim packaged system. In order to compare the performance of the selected PIFA 
antenna to a half-wavelength dipole antenna measurements with a Vector Network Analyzer in free space 
as well as near a metal plate have been performed in order to compare the two antennas. In addition, a 
wireless link between a low power base station emitting 200 mW power at 430 MHz and the fabricated 
tag has been established are presented. 
2. Tag architecture 
A power harvesting strategy that allows tag operation over cycles has been implemented in order to 
allow tag operation at an incident power level that is lower than the power required when the tag is fully 
active. Tag operation is divided in two cycles; a standby mode during which only the energy accumulation 
supervising circuit is active and a fully operational mode. 
The block diagram of the power harvester is presented in Fig. 1(a). The RF front end comprises the 
PIFA antenna along with its transmission feed line and the power harvester circuitry.  As mentioned 
previously an optimized tag PIFA type antenna for the 430 MHz band has been selected. In order to 
increase antenna bandwidth and at the same time maintain a small antenna area slots have been introduced 
in the antenna design (Fig. 1(b)). The antenna ground also serves as a platform for the system circuitry. In 
addition, a broadband impedance matching network has been implemented in order to minimize power 
loss due to impedance mismatch between the antenna and the tag circuitry.  
The voltage that is generated from the incident RF power at the antenna terminals lies in the range of 
millivolts. Thus a RF to DC voltage rectifying circuit has been adopted in the design to raise the input 
voltage to a sufficient level for electronic components to operate. For this purpose, a four stage modified 
Dickson voltage multiplier has been implemented to charge a 20uF accumulation capacitor array. The 
voltage level at the accumulation capacitors is monitored by a circuitry that operates as an analog 
comparator , that fully activates the tag when the voltage level at the accumulation capacitors reaches 
2.5V and sets it to standby mode when the voltage trips under a lower voltage threshold of 1.8V [9] to 
allow capacitor recharging. Thus power consumption is minimized during the standby mode. In addition, 
the design comprises a low power 8-bit PIC microcontroller that can be used for sensor measurement and 
data transmission back to the base station. 
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      (a)             (b) 
Fig. 1. (a) Block diagram of the power harvester circuitry; (b) System implementation on FR4 PCB with the PIFA antenna. 
 
3. Measurements
Measurements using an Anritsu Lightning Vector Network Analyzer and a 50 Ohm port have been 
performed in order to compare the performance of a 430 MHz half wavelength dipole antenna to the PIFA 
antenna that has been designed. The return loss coefficient for the two antennas in free space is presented 
in Fig. 2 (a). It can be seen that the PIFA has a bandwidth at least as large as the original dipole antenna, 
while power reflection is less than 2%.  
      (a)             (b) 
 
Fig. 2. (a) Measured return loss of the PIFA (1) and half wavelength dipole (2) antennas in free space; (b) Return loss of the PIFA 
antenna, (1) in free space, (2) 8 cm above the metal plate, (3) 1 cm above the metal plate.  
 
       Return loss measurements have also been performed when antennas were in close proximity to a 
40×60 cm2 metal plate. The results for different distances between the antenna and the metal plate are 
presented in Fig. 2(b). It can be pointed out that the PIFA antenna is not strongly affected by the presence 
of the metal plane even when it is placed 1cm apart from it, in contrast to the dipole antenna. The dipole 
antenna is actually shorted out by the image currents induced by the adjacent metal plane and as a result, 
the RF power is primarily reflected, as shown in Fig. 3(a). Thus, in this case, a power harvester equipped 
with a dipole antenna would be disabled. Based on these results, indoor measurements of the PIFA-
equipped power harvester with a base station outfitted with a dipole antenna and emitting 200mW at 430 
MHz were performed. The system was placed 1cm above the metal plane and oriented so that it was 
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copolarized with the base station. Operation was tested by turning on the onboard microcontroller which 
was programmed to drive its output with pulses (Fig. 3(b)).   It has been found that the microcontroller 
could be powered up to a 3m range for time intervals up to 20 ms. 
 
  
      (a)             (b) 
 
Fig. 3. (a) Comparison of the PIFA antenna performance (curve 1) to the dipole antenna (curve 2) at a distance of 1cm above the 
metal plate; (b) Output pulse train of the microcontroller, with the system placed 1cm apart from the metal plane.  
4. Conclusions 
The architecture of an RF power harvester operating at 430 MHz with an integrated PIFA type antenna 
has been presented. Antenna performance and power harvester operation have been evaluated by Vector 
Network Analyzer Measurements as well as by establishing a low power link between the tag and a base 
station. Thus the validity of our approach has been proved. 
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